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THE discovery that many strainis of staphylococci produce a toxini (Neisser and
XVNlechsberg, 19011; Kraus anid Pibream, 19062; Parker, 19243; and Burnet, 19294)
has thrown fresh light on the problem of the treatment of staphylococcal lesions.
From staphylococcal toxin, Panton, Valentine, and Dix (1931)5 successfully

prepared staphylococcal toxoid.
In 1933 Parish6 found that staphylococcal toxoid was innocuous to laboratory

animals and was an efficient immunizing agent, causing an inicrease in the circulating
antibody. Parish, O'Meara, and Clarke7 published the results of further investiga-
tions in 1934. They found that the sera of numerous laboratory animals ancd human
subjects contained appreciable amounts of natural anti-toxin.

Staphylococcal toxoid w^as first used clinically in the treatment of staphylococcal
lesions by Panton and Valentine (1932)8, and by Dolmani (1933).9 The results they
obtained were suffcientlv encouraging to iniduce other wvorkers to investigate its
effect in the treatment of various lesions (lue to the staphylococcus. Among these
were ConnorlO in AXustralia, Dolman9 in Cania(da, anld 1K. S. Murrayll in England.
Their results, basedl oIn the treatment of a large number of cases, made it evident
that in staphylococcal toxoid, a rational and reasonably successful method has been
made available for the treatmenit of the chronic anid resistant infections due to this
organism.
The series of observations on wx,hich this article is based was begull in December,

1934, andl since then ninety-eight cases have been treate(d.

CLINICAi. RESULTS oi, TREATMENT.

rhe cases have been classified inlto four groups accor(linlg to the clinical result
obtained. These groups are: "Recovered," "Markedly Improved," "Improved,"
and "Unaltered."
Those classified as recoverecd were the patienits whose lesions completely disap-

peared during the course of treatment. They, were inot regarded as cured until their
condition had remained perfectlyr satisfactory for at least six months after the
conclusion of treatment.

TABLE I.
SuEMMARY OF RESULTS.

Result NTumber of CaSeS Percetittage
Recovered - - - 21 30.8
Mlarkedly, improved - - 5 36.7
Improvedl - - - If; 23.5
Unaltere(i - - - 6 8.8
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On considlerationi of these resuLlts, it is evident that ninety-one per cent. of the cases
treated (lerive(l benefit from the treatment, and that in thirty per cent. of all cases
the treatmenit prove(d completely successful.

Man) of the cases classified as "Markedly improved" have been so grouped
because, although their lesions have quite disappeared, their treatmllenlt only ceasedi
within the last six months. In six cases, or 8.8 per cenit., the treatment was a
complete failure. In a few cases relapses occurred some time after the conclusion
of their treatment, hut on receiving a secondl course of injectionis, the lesiotns again
cleared up, and(l sinice theni the patienits have remained well.

A few cases had recrudlescenices cluring the course of treatmenit but ev-entually
their condition showed a (lefinite if slight improvement. Apart from the clisappear-
ance of the local lesion, patients often experience anl increased senise of well-beinig
during treatmnent. Fifteen of themn volunteered the information that their appetites
had improvecd; they felt more energetic and better in genieral health since beginning
the course of inijections. The beneficial effect oni the healtlh of the cllildlrenl treate(l
wvas especially noteworthy.

TABLE II.

RESULTS IN MORE DETAIIL.
Lesioni Recovered Improved I iialtered '7 otal

Acne Keloi( - 1 1 2
Acne with Staphl. - 11 1 12
Boils - - 1, 1t 1 29
Dermatitis - - I - 3
Mleibomian C(ysts - 9 2
Stves - - 5 1 (6
Svcosis B3arbwe - 2 3 2 7

On consi(lerationi of the resuLlts obtained in v-arious clinical conditions, we find
that most success is attainedl in cases of recul-renit furuniculosis. Twenty--nine cases
of boils were treated; sev-enteen of these nmade a complete recovery, eight showedl
marked inmprovement, atncd tlhree showed only slight improvement. Ihe boils usually
(lisappear after two or three injectionis, anld dlo niot recur. Some cases improve more
slowlv; the lesionls as they occur become more and more superficial and heal faster,
uLntil they finially ceasc to appear. It has beeni nioted that in these cases fresh lesiolns
may appear two to three (lavs after the -weekly inijection, especially during the first
two or three weeks, althouglh ther-e may be nio other evidlence of reactioni.

TIhe results obtained in acnie with staphvlococcal infection have proved (lisap-
pointing. Of twelve cases, n1on1e could be described as cured, thoug-h all except one
showNedl improvemenit. TIhe percentage of relapses was high.

Seveni cases of sycosis barbw are included in this series. Two of them remaine(l
unialtere(d by the treatmenit, but the others were definitely improv%ed, two of them
having remainied free from trouble for several months.
Good results lhave beeni obtained in the treatment of styes. Of six cases treated,
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five became completely free from lesions atnd the sixthi iml1provC(l to a slight degree.
Some of tliese cases were of long standling.

A few cases of blepharitis were treatedl with satisfactory results, andc two cases
of meibomniani cys-ts y-iel(led to treatment after a proloniged course of inijectionis. Both
these- patienits nced a smiiall Course of two or three injectioins at intervals of a few
nmoniths in orcler to keep their li(Is in a i)ormiial conidition. In olne of thenm the condition
had beeni present for five years before treatment by toxoid xwas begun.

1)olmjjanj (1935)12 states that he obtainedlgood results in patieints with staphy-
lococcal inifections of the nlose atn(d nasal siniuses. 'lhree cases in the presenit series
hadl suchi an inlfectioll, two of them combininig the nasal inifectioni with pustules and
(lernmiatitis around the nose(and upper lip. These two patients didl very xvell, miakilig
a comiiplete recoverv after a prolonged course of treatimienlt. Thle third hlad onily a
few injectiols, without aniy change in his niasal discharge or chit-oniic pharyngitis.

In two cases of furunculosis a certaini degree of imlprovement took place durinig
the course of treatment, but althoughl treatmenit was contilLuedi thex madle no further
progress. \V"hell, howesever, treatimienit was stopped, they imiale a quick recovery.
'I[iis effect lias also beeni niotedI by AMUrray (1935),11 and(i he sulgg>ests as an exp)lana-
tion that the staphyIlocoCCus hias producudci a degree of toxemieniawhich it takes soniwe
timne for the circulating aniti-toxini to overcome.

Since infection with the staphllococcus is almilost Utniversal, it is nlot unlikely
that a great dleal of minlor ill-lhealthi should be due to the toxic effects of its products.
Ihlat this is prohbable is shon\wn by the inarked improvement in general health which
often occurs during0, a Course of injections of staphylococcal toxoid.

METHOD OF I REATMENT.

'I he preparation of staphylococcal toxoid use(I was that supplied by I)urroughs,
VelCome & to. It iS supplie(d in txo streigtlths, one teni times stroniger than the

other. P'atients were grenerally given a cotirse of six to eight inijections, beginning
with a (lose of O).1 or (0.2 c.c. of thle icHiIte toxoidl. '[he injections xere g,iven initra-
mIuscularly, at weeklv interx-als, aned the doses were increase(I progressively accord-
ing, to whether reactionis followed their administration or niot. Murraly and Dolman9
both recomiimendel an initial close of (3.5 c.c. of dilute toxoicl. 'I'his we have found to

he too strong' an initial close, as in several of our cases it (gave rise to a imiarked
-eneral (distl-bance. \We finl(l that 'er simall (loses give rise to nlo ot her (listiu-rbanice
thianla shlight soreniess at the sea-t of injectioll.

['he course of injectionis given in most cases was (3.2, (3.5, andi (0.75 cc.. of the
dilute toxoidI, followed by (3.1, (3.2, and (3.4 of the strong toxoid. In some cases this

plan ( oul(l not be followed beCMiuse of thc marked general reactionis w-hich occurred
in these patienits even whlenl smiall (loses xwere gixven. Con secquentlx treatmernt by the

smliall doses toleratedl hadl to be conitinuedi oxer a loniger periodl, up to niineteeni closes
having beeni given in a few inistances. 'I'lis prolon-ged( imiethodl of treatmlielnt was

also adopted ini those patietits xvhose lesions were slow in improving. In both types
of (ase the rcstilts obtalined were satisfactorx.

252



The dosage (lepeni(ls uponi the indiv'idual patient anld his reaction to toxoid. One
has to be guilded h the individual an(l his respotnse just as in giving vaccines. For
example, one patient could tolkcrate a (lose of onlx- 0.3 c.c. of'f dilute toxoid, but as
the result of fifteeni injections he ma(le a complete recovery fromii a long-stanldiniig
furunculosis.

REAC' TIONS.

Notes of reactiolls wCe c made in fortv-three cases. Of thesc, sixteen, or thirty-nile
per cenit., observed n1o reaction vhatever. Iihc usual type of reactioni wvhich occurre(l
was a slight soreniess anid stiliness at the site of injectionI; this canl be disregardedl
from the point of' view of increase of dosage. It was accomipanlied in twentv-five
per cent. of cases by a mild geeneral reactioni, the patietnts complaininig of headache
and malaise wvhich occurred( clurinig the evening followxing the injection.
The more severe tx-pe of local reactioni was characterized by tenderiness, swelling,

and redness at the site of itnjection. Ihe nieedile puncture was surrounded by alalea
of redness sometimes up to three inches or more in diameter. This appeared twelve
hours after the inoculation, anid laste(d two or three clays. Often it was accom-
paniedl by headache.

Severe genieral reactionIs occul-re(i in seven cases, or sixteeni per cenit. of the
patients treated. TIhere was very mar-ke(d malaise wvith severe headache, general
aching, restlessness, andl sleeplessniess. These symptoms came on some lhours after
the injections, ancl sometinmes continuld inlto the following day, although they
became less severe as time wenit oni. IThere was probably a rise in temlperature,
although temperatures were not recor(le(l.

Nausea andc giddilless occurred in a fex cases, acnd( one or tx-o patienits complained
of a feeling of nausea wxhich lastedl for some days.

In two patients the first injectionl (of 0.5 c.c. dilute toxoid) had rather a curious
effect. Three hours after the ilnjection of toxoid their vision became blurred ancl
they were unable to see print or even large objects clearly. The colnditioll passed off
in half an hour, andc as followed by headache. A third patient ha(d similar
symptoms, but in a lesser degree, ancd in his case it was accompanied by itching of
both eyes. This man hacl a much smaller initial close thani the other two.

If the initial close is small, and care is takeni not to increase the dose too rapidly,
reactions give rise to very little trouble.

Several children have been treated in our series, and in nonie of them did any
reactions occur, thus conifirminig Dolmani's statement (1935)12 that in childreni the
inoculations give rise to very little discomfort.
Dolman (1935)12 also states that the tolerance wvhich adults develop to later closes

is soon lost, and if a lapse of onie molnthl has occurredl since the last close of toxoid,
the iniitial close of any .supplementary course should not be more thall 0.1 c.c. ol thle
strong toxoid. Our results conifirm this finding, andl in acddition we hav-e found that
during the course of prolonigedi treatmenit it is sometimes necessary to reduce the
dose, as the patienit may begin to show reactions to a larger dose if it is continued
over a niumber of weeks.
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In six cases an exacerbation of the local lesion folloNwed the first one or two
injections.

EFFECT OF THE INOCULATION 0I, STAPHYLOCOCCAL TOXOII)
UPON THE CIRCULATING AkNTI-TOXIN.

The total number of cases treated and followevc up was sixty-eight. In almost all
cases the amount of circulating anti-toxin in the blood was estimated before treat-
menit. Estimations were carried out on ninety-five sera taken from patients before
treatment was beguni, and( the average amount of aniti-toxin present in these sera
vas found to be one intertnationial unit. The method used for this estimation was
that dlevised by Parish, O'Meara, andl Clarke' in 1934. It consists in the titration of
the amount of anti-toxini present in a sertum, the result being expresse(d in terms of
international tunits. (Parish-persotnal communication.)

IABL1E I Il.
UNITS OF CIRCULATING ANTI-TOXIN IN THE BL.OOD BEFORE AND AFTER TREATMENT.

Number of 1' its before lUnits after treatmenit with
cases treated tteatnent si.x to eight doses of toxoid

(0.62 c.c.)
68 1 7.7

The result shown in the above table is in accordance with Murray's observation
that four doses of toxoid increase the initial value of the circulating anti-toxin
almost eightfold. The figures given are the averages calculated from these sixty-
eight cases.

TABLE IV.

UNITS OF CIRCULATING ANTI-TOXIN IN THE Bwmoi) BEFORE AND AFTER
TIREATMENT IN DIFFERENT CLINICAL CONDITIONS.

.4 ve rage A.4ver,age titre a(fter Averctge aiount
C'ases inlitial titre six to eight weeks toxoid given

t rea tinent
Acne Keloid - 1 a 0.96 c.c.

Acne with Staph. 0.75 Is 0.4,5 C.c.
Boils - - 1 5 0.79 c.c.

Dermatitis - 2 10 0.57 c.c.

Meibomian Cysts - 1 5 1.55 c.c.

Styes - - 0.4 0.57 c.c.
Sycosis Barbw - 2 0.)5 c.c.

From this table it may be deduced that the increase of circulating anti-toxin is

not affected by the type or situation of the staphylococcal infection. Also, the

increase in the circulatinig anti-toxin bears no relationship to the amount of toxoid
given.

As regards the production of anti-toxin, it was also noted tllat two main types
of response could be distinguished. Some patients ac(uire aniti-toxin very slowly,
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reach a comparatively low titre (three units), and lose their acquired anti-toxini
equally slowly. On the other hand, some respond quickly, reach a high titre in a
short time (up to thirty-eight units has been noted), and lose their accluiredl anti-
toxin almost as quickly as they produce it.

Clinically, the members of the first group seem to have somewhat better results
than those of the seconcl group, but the numbers are not large enough to allow of
definite coniclusions being drawtn.

I'ABLE V .

RESULTS Sn1OWX-INCG THE AVERAGE INCREASE Oi .-ANTI-TOXIN IN EACH GROUP.

Reslult Units before treatmletit Uniits after treatmet-t
Recovered - - - 0.75 9.3
Markedly improved - 1.5 8
Slightly improved - - 0.7 11
Unaltered - - 0.4 5

On the whole, there is no relationship betNween the anti-toxin produced au(I the
clinical result, as is showvn in Table V.

The effect of the prolonged injection of toxoid was notecd in twenty-three cases.
Frequent estimations of the anti-toxic content of the blood of these patients Nere
carried out. In nine of them a continuous increase of circulating anti-toxin was
producecl, but in the remaining fourteen there was either no change or an actual
fall in the anti-toxic content of the blood. TIhe average fall observe(d was from
eleven units to three units. It was found that the anti-toxic titre of the bloocd always
falls wlhein treatment is stoppecl, but it seldom or never reaches its original level,
and, indeed, selclom goes below% two or three units in amount.

In those cases liable to recurrences, the estimation of the atnti-toxic coIntenlt of
the bloodl is useful, because it eniables us to determine if and wvhen a furth-er course
of treatment is advisable. It also serves as a guide in the treatment of those cases
which neecl a small dose every two or three -weeks to keep them free from lesions.

'VACCINE I REATMENT.

Almost all the patients who came for treatment witlh staphylococcal toxoi(d lhadl
had previous courses of vaccines, either stock or autogenous. In most of these cases
vaccine treatment was quite without results; in a few it -was responsible for a

temporary recovery, but was without effect on being trie(d a second time.

A possible explanation of the occasional success of vaccine therapy may be found
in the observation made by Burnet (1930),13 anid confirmiiedcby Parislh, OM'.cara,
and Clarke,7 that the toxins pro(luced by dlifferenit strains of staphylococcus aureus
vary in potency. If, therefore, the straini of staphylococcus aurcus used to make the
vaccine is a highly toxigenic one, that may account for its success vhenLiuse(l in
vaccine therapy.
With regard to the effect of vaccine therapy on the amount of circulating anti-

toxin in the blood, it was found that the average amount present in the bloods of
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all those wlho had hal vaccinies was 0.89 uinits, while the average amount present
in the bloods of tlhose} who hadl been treated 'with aitogenlous vaccines was twXo units.

Inoculation by staphylococcal toxoid marks a distinct advance in the treatment
of staphylococcal lesions, but muich further wZork remains to be (lonle in the investi-
gationi of other products of the staphylococcus. Evidenice is accunmulating to show
that there is more than one toxin produced by the staphylococcus, and also tllat
this organism produces other substances which are coincerned in infection and
immunity. I'he polyvalency of the staphylococcal toxins may account for some of
the failures in treatment which are at present inexplicable.

SUMMARY.

1. The inoculation of staphylococcal toxoid produces an increase in the anti-
toxin circulating in the blood.

2. In ninety per cent. of the cases treated, definite improvement of their clinical
condition resulted.

3. Six per cent. of cases showed no response.
4. Reactions following inoculations are not troublesome if the plan of giving an

initial dose of 0.1 or 0.2 c.c. of dilute toxoid is adhered to.

5. The general health of patients often shows marked improvement.
6. Children respond well, and reactions are not troublesome in their cases. The

same dosage was given no matter what the age of the patient.
7. Patients suffering from furunculosis, dermatitis, and styes are most likely to

have a favourable result.

I have much pleasure in acknowledging the willing help and co-operation of Dr.
McCaw, Dr. Lewis, and Dr. N. C. Graham in the carrying out of this work.
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